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ceuticai preparations contauung sucn msuim 
derivatives. 
It has generally been known diat insulins, 

15 for example from pigs or oinn, are used 
for the treatment of diabetes. During pro- 
longed treatment with insulins antibodies are 
formed which oounteraa tlie insulin ad- 
ministered. Owing to the loss in activity by 

20 combination widi antibodies, the dose of in- 
sulin must in these cases be increased. 

In German Offenkgun^schrift No. 
2,023,447 there are described insulin deriva- 
tives having a lower affinity towards insulin- 

25 antibodies. The Qffenli^nngssdiiift indndes 
both mono-substituted and di^ and td-substi- 
mted derivatives. The mdno-stibstitated 
derivatives are, however, given piominmne 
as being espedally important 

30 In oontradistmction thereto, it has now 
been found duit mono-, di- and tzi<arbanK)yl- 
insulinsa not bidiertD described and especially 
the di- and tti-rarhamnyl-insnltnSj emihit a 
suipxisingjy hi^ dissooation between their 

35 biolo^lced activity and tbdr hnmunolo^cal 
activity. The di* and tri-subsduited denva- 
tives are preferred, owing to dieir being 
easier to prqiare. 
The present invention accardindy pro- 

40 vides mono-, di- and tri-^ubsbtuted insulin 
derivatives in v^iidi the terminal amino group 
of the B-dudn (Bi-phen]^ahnine), or the ter- 
minal amino group of m B-diain (Bi-phenyl- 
alanine) and tiiie terminal amino grpi^ of tiie 

45 A-cfaain (Ai-g}ycine), or the teiminu amino 
group of the B<hain (Brphenylalanine), the 
terminal amino group of the A-diain (Ai- 
glydne) and the BjQ-4ysine group, is or are 

[Price 33p] 



Bas 3231 1/9 - 

pn reaction conoxtion ana me quanaty or 60 
reactant used. The best yields of mono- and 
di-substimted products are obtained at a 
pH-value of about 7 and ru)t hig^ than a 
pH-valuc of 8. Surprisin^y, & dicarba- 
moyl-derivative is formed almost esdusivdy 65 
when, in die course of the reaction, the pH- 
value is brougjht &om about 7 to about 5. 
The formation of the trisubstituted derivative 
is favoured at a pH-value of 8 to 9. 

Adjustment of the pH-value is effected 70 
widi a buffer substance or witli the aid of 
an autotitrator. 

The carbamoylating agent is used in excess. 
There are thus used for producing the mono- 
substituted compound 1 to 2 times the molar 75 
quanti^, and for producing the di- and tri- 
subsdmted con^unds 150 to 200 times the 
molar quantity, of carbamojiating argent per 
molar quantity of insulin. 

The reaction is carried out at room tern- 80 
perature or preferably at a di^tiy raised 
temperature. 

The di« and tri-substituted derivatives can 
be obtained in a good yield and in a state of 
high purity. The reaction i^roducts can be 85 
purified fsy simple repredpitation, and do 
not need to be separated by expensive opera- 
tions, as does the moxKSSubsttmted derivative. 
The separation of tiie monosubstituted car- 
bamoyl-insniin is carried out by die methods 90 
customazily used in peptide and protein 
diemistty, for example oountercurrent dism- 
bntion^ ion-exdiange duomatngr^y, electro- 
phoresis and absorption chromatography. 

^ The present invention accordingly also pro- 95 
vides a process for the manufacture of mono-. 
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(71) We, SCBDERING AKTIEN- 
GESELLSCHAFF, a Body Corporate 
oigani^ according to the laws of Gennanys 
of Berlin and Bei^kamen, Germany, do here^ 

5 by declare the invent&sn, for ^dxidi we pray 
that a patent may be granted to ns, and 
the method by ^xdiich it is to be perfonned, to 
be particularly descnbed in and by &e follow- 
tng statement! — 

10 The present invention is concerned with 
new insulin derivatives and widi pharma- 
oeuticai preparations containing such insnlin 
derivatives. 
It has generally been known tiiat insulins^ 

15 for czan:q}le from pigs or oxen, are used 
for the treatment di diabetes. During pro- 
longed treatment widi insulins antibodies are 
formed which counteract die insulin ad- 
ministered. Owing to the loss in activity by 

20 combination with antibodies, die dose of in- 
sulin must in these cases be increased. 

In German Offenkgungsschri^ No. 
2,023,447 dxere are described insuHn deriYar 
tives having a bwer affinity towards insulin- 

25 antibodies. The Offenl^ungssdmft indodes 
bodi mono-subsdmted and and tn-subsd- 
tuted derivatives. The mono-substituted 
derivadves ax^ however^ given prominence 
as bemg espedaUy inqyonant 

30 In contradistinction thereto, it has now 
been found that mono-^ di- and txi-caibamoyl- 
insulins^ not hidierto desct&ed and e^Mxially 
the di- and tii-carbama^-insQlins^ eshibh a 
fiurpristii^j^ h^jb dissociadon between dieir 

35 biolotgical acdvity and their fn u n u n ff l^ Epr ^^^ 
acdvi^* The di- and tn-sobsdtated deriva- 
tives arc prefierred, owing to their being 
easier to prepare. 
The present invention accordingly pro- 

40 vides mono-, di- and tri-substhuted inrolin 
derivatives in vdsidi the tpfmrnai amino group 
of die B-chain (Bi-phen^alanine), or the ter- 
mmal amino grotq> of the B-diain (Bi-phenyl- 
danine) and |he "fyrr n'^fl l fltrtiri^ group of the 

45 A-cham (Ai-gjycnie), or the termmal amino 
group of the B-chain (Brphenylalanine), die 
terminal amino group ^ the Asihain (Ai- 
glydne) and die Bso-lysme group, is or are 

{Price 3Sp] 



eadi substituted by a carbamoyl group, and 
especially the di- and tri-snbsdtuied deriva- 50 
tives. 

The preparation of die new carbamoyl- 
derivadves is carried out in a manner known 
per se by carbamoyiating msulm in an 
aqueous solution. As carbamoylating agents 55 
diere may be used alkaU metal cyanates, for 
example potassium and sodium ^anates, and 
ammonium cyanate. Different substimtion 
products can be obtained depending on die 
pH reaction condition and the quantity of 60 
reactant used. The best yidds of mano- and 
di-substituted products are obtained at a 
pH-value of about 7 twnf not hi^ier i^v ^ a 
pH^value of 8. Surprisingjiy, tte dicarba- 
mqyl-denvadve is formed almost eadurively 65 
when, in die course of die reaction, die pH- 
value is brought from about 7 to about 5. 
The fc^madon of the tnsubsttmted derivative 
is favoured at a pH-valne of 8 to 9. 

Adjustmmt or die pH-value is effected 70 
VTith a buffer substance or widi die aid of 
an auiotitrator. 

The carbamoylating agent is used in excess. 
There are thus used for producing ^ mono- 
subsdtuted con^nnind 1 to 2 times the molar 75 
quantity, and for producing the di- and tri- 
substituted compounds 150 to 200 times the 
molar quantity, of carbamoylating agent per 
molar quantity of injailm- 

The reaction is carried out at room tem- 80 
peratnre or preferably at a sliglidy 



85 



di- and tri-snbstimted derivatives can 
be obtained in a good yieid and m a stale of 
hi^ purity. The reaction products can be 
purified by snnpk repiedpitatiim, and do 
not need to be se pa r a te d by expensive opera- 
tions, as docs the monosubstitmsd dedvative. 
The s^aratian of the monosobs ti t ut ed car- 
bamoyl-insulin is carried out by die mediods 
custoinarily used in pqytnlp and protein 
chenustry, for esample countercurrent distri- 
bntton, ion<4xchai^e cfarouuti^ri^diy, eleciro- 
phoresis and absorption chromatogrmhy. 
^ Hie present invention acccudingj^ dso pro- 
vides a process for the manufiictore of mono-. 
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di* and ttt-sobsuiuied '"g"^"* derivaiivcs in 
winch iis& ff iip' t ial amino eroup of the B- 
chain (Bi-pheiiylalamne)> or me tenninal 
amino group of die B-diain (Bi-pfaenyl- 
5 alanine) and die terminal anuoo gnnm of die 
A-cbain (^-i^ydne), or die termmfli amino 
gronp of the B-cfaain (Bi-pheoylalamne), aitfi 
the terminal amino group of the A*chain 
(Arglycine) ai^ th e B.>,-^sxne group, is or 

1C are each substicntBd by a caxbamoyi group, 
herein insulin is reacted in an aqueous solu- 
tiiui with a carbamqylating cogent at a con> 
trolkd ^-yake. 
EKammation of die blood sugar-lo weiing^ 

15 action was carded out on rabbits diat had 
been starved for 24 hours. Insulin and its 
deiivaiives were injeaed in an amount of 
0.0185 mg per kg. The Inologtcal acuon was 
determined by measuring the content of 

20 blood glncose. AH the c^amoyl-derivatms 
were founds by statistical evaluation (variance 
analysis), not to be significandy different from 
msidin, diat is to sa^ the dcnvadves are 
faiologicany just as active as tng»ifn 

25 Examination of the impimioif^gK^ai 

action 

(capadiy f m: oamhming with antibodies) was 
carried out by the radirnmnnme test of 
Morgan, Soxenson and Lazaniw [cf^ DiabetesL 
13 (1964) 579]. This showed diat die ami- 
30 body-combining capaidv^ of tlie di- and txi- 
sobstituted caroamoyl-derivauves, which have 
7—9% (about 2 insulin units per mg) cf 
the coxnbining edacity of bovme insulin for 
antibodies active against bovine insulin^ was 
35 lower than that of oil msulin deiivadves to 
our knowledge hitherto described. Moreover, 
tbs new caroamo^d-^dtdvatives, as oonmaxed 
with insulin, possess a longer lastixig Blood 
sugar-lowering actxviiy. 
40 Owing to their £avourahle properdes the 
new carbamoyl-derivadves of the present In- 
vendon are especialfy wdl suited for die 
treatment of diabetes. 
The present invention accordingly further 
45 provides^ bbod sugar4owcring pharmaceudcal 
preparations having a low capacity for com- 
bining with insulm-antibodi^ v^ch com- 
prise the new mono-, di- and tri-carbarooyl- 
msulins in admixture or coiijuncdon with a 
50 pharmaceuiically suitable carrier. 

The pharmaceutical preparadons for 
teral use may b^ for example, in die 
of isotonic or h^otonic sdndons con- 
tatning 40 Insulin imits of acdve snbstanoe. 
55 per mL 

Such a pharmaceudcal preparadon has, for 
example, the following composition: 

40 insulm units of N' - carbamoyl - 
^y)A; - (N« - carbamoyl - phe^j - msulin 
60 per ml of an aqueons solution containing 
0.16^ by weight of sodmm acetate, 0.70% 
by -vm^t of sodium chloride and 0.10% 
1^ weight of pararhydroqiienzoic add meAiA 
ester. 

65 Depot preparadons can be made up in 



the rpfl nn^f as a com— 

plcx or widi "Surfen" (Registered Trade 
Marl:). 

The following Examples Hhisttate the in- 
Tendon: 70 



Esasiple 1 
(N' - Carbamoyl * phe)B^ - insulin. 
600 mg of amcuphons zmc-^se insulin 
were dssolved in 60 ml of a 0.1 molar phos- 
phate buffer (pH 75), 03 ml of a 0.6N- 75 
soludon of potassium cyanate was added, aiKi 
the whole was maintnned for 18 hours at 
SO^'C The reacdon soludon was dialysed 
e^ainst water and dien freeze-dried. Yield: 
500 mg. In order to separate die (N * - car- 80 
bamoyl - phe)Bj - msulin there may be used 
the usual mediods of peptide purificadon, 
for example ion-exdiange chromatography, 
for example widi the use of D£AE-'*S^ha- 
dex** (R^stered Trade Mark) in a 4 to 7 85 
m tirea buffer, or countercurrent distribudon, 
for example in the system n-butanol (20), 
mediancd water (20), facial aoedc (1). 
The yield «f pure carbamoyl - (phe)B: - 
insulin was 200 mg. 90 

Paper dectrojdiQresis: 

Conditfons: 2A m formic Bdd/4 m urea, 
colourizig widi Fanfy reageoL 300 fig were 
applied. The substance migrated as a mu- 
tary band. Its reladve migradon speed 0.91 95 
(insulm 1.00) c orresponds vo a monosubsd- 
uned insulin. 



Example 2 

(N» - carbamoyl - gJy)Ai - (N' - carbamoyl - 

pbe)Bx - insulin. 100 
6 grams of amorphous zinc-free insulin 
from oxen were dissolved in 600 ml of de- 
salted water, ami the solution was adjusted to 
a pH of 72 with a IN-solution of sodium 
hydroxide and heated to 30**C At diis tem- 105 
pfoature 300 ml of a 0.6N-solution of potas- 
sium cyanate were »lded dropwise over a 
period cf about 7 hours. Durmg the same 
period die pH-value was brought slowly 
from 7.2 to 5.5 by addiuon of IN-acetic HO 
add by means of an aumiitrator. After the 
end of the reacdon, the excess of cyanate 
was decomposed by acidification to pH 22 
to Z5. The add soludon was dialysed 
against water and was then freeze-dried. The 115 
yield was 53 to 55 grams of (N** - carba- 
moyl - gly)Aj - (N' - carbamo^ - phe)B, - 
msulin. Stnall amotmis of mono- and tri- 
carbamoyl-insulin can be removed by the 
usual medit^s of peptide purification, for 120 
example lon-exdiange chromatography, 
counter-current distribudon, canwr-iree 
dectrophoresis, but advants^geously by iso- 
electric predptation 1^ d^sdving the pro- 
duct at pH 7 and preapitating at pH 4. J25 
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: substBDoe xnignted as a unxta:^ band. 

Its xdadve m^cadon speed iras 0.76 Ooso- 
lin: IMl 

Ejcan^ie 3 
(N* - carbamwjrl - d^)Ai - (N« 
phe)Bi - (N* - carbamo]^ - lys^j- 

6 gwiHft of ziDC'&ce ifl^nbn were dis* 
sdved ia 600 ml of an 83 pH-bnffer ^or 
eampLc tds-bnffer or phosf^te buffer) and 
300 ml of a 0.6N-8Qhitian of potasanm 
cyanate were sloniy added dropwise. VThen 
iis «^<^Mm^ had been mnpl^^:, the excess 
of ^anase was decomposed by acidification 
to jttl 25. The add sdudon was diailysed 
agamst water and Hf**^^^*^^*^- Hie 
yield was 55 grams. Punficadon is not 
geoendly necessary, but it can easily be 
carried out by die usual meflmds (see 
Example 2). 



Fffier decttophoresis: 

The substance migrated as a unitary band. 
Its relative migradon speed was 056 (insulin: 
1.00) which corres^ponds a tnsubstituted 
25 insuHxL 

Example 4 

The preparation of a sterile neutral injection 
sdution (40 insulin units per ml). 
220.0 mg of para-hydroxybenzQxc add 

30 mediyl ester were dissolved in 205 ml of 
distilled water at +70°C After cooling to 
room tenq>eratuie, the solmion was di^aded 
into two approyimately equal porticms. 325.6 
mg of (N* - carbamoyl - g?y)Ai - (N* - car- 

35 bamoyl - phe)Bi - insulin were dissolved in 
one pordon aod the solution was brou^t to 
a pH-value 7.0 wxdi a 0.1N-S(dndon of 
sodium hydroxide. 1540 grams of sodium 
chloride and 352.0 mg of sodium acetate. 

40 3H£0 were dissolved in the second portioo, 
and die sohidon was also biou^t to a pH- 
value of 7.0 with a O.lN-sdution of somum 
hydroxide. The two solutions were combined, 
the iiH-value was adjusted to 7.0^ and the 

45 combined solution was made vcp to 220 ml 
with distilled water, filtered under sterile can- 
ditians, and introduced under sterile con- 
ditions into multiphials of 10 ml capadty. 



WHAT WE CLAIM IS:— 
50 1. (N'' - Carbaimqd - ^y)Ai - (N« - car- 
bamoyl - phe)B, - insulin. 
2. (N« - CaAzmafl - ^y)Ai - (N* - car- 



bamoyl - phe)Bi - (N* - carbami^l - lys)B55 - 

3. (N^ - Caxbamo^ii - phe)Bi - insulm. 55 

4. A pharmaceutical preparation whidi 
O H n prises die oonqwund daimed in daim 1, 
in admixture or ooi^unction widi a phatma-* 
oaiticaDy soitafafe carrier. 

5. A pharmaoeuticai preparation wfaidi 60 
comprises die compound '^^n^Tnw^ jn daim 2^ 

in admixture or conjunction widi a pharma- 
ceudcaDy suitable carrier. 

6. A pharmaceutical preparadon ^lidi 
comprises die compound dmmed in daim ^ 
3, m admiitiure or conjunction with a 
pharmaoeutxcally suitable carrier. 

7. A phannaceudcal pr^aradon as 
dahned in any one of dahns 4 to 6, which 

is in die form of an isotonic sohidon being 70 
suitable for parenteral administradon and 
containiiig 40 instdin units of acdve aul^- 
stance per rnL 

8. A pharmaceutical prq)aration as daimed 

in any one of claims 4 to ^ T/bddi is in die 75 
form of a hypotonic solution being suitable 
for parenteral administradon and containing 
40 insulin units of active substance per mL 

9. A pharmaceutical preparadon as daimed 

in daim 7 or 8» contaimng 0.16% by wetg}it 80 
of sodium acetate^ 0.70% by we^t of 
sodhnn ddoxide and 0.10% by weight of 
pararhydroxybenzmc add n^thyl estex. 

10. A pharmaceutical preparation as 
daimed in any one of daims 4 to 6j which 85 
is in the form of a depot preparation. 

11. A phaxmaGCudcal pr^aration halving a 
composition substantial^ as described in 
Rxample 4 herein. 

12. A process for die manufacture of die 90 
compouna r^^ipiM Iq any one of ^ainig i 

to 3i wherein insulin is reacted in an aqueous 
s(duiion with a carfoamo}dating agent at a 
controlled pH-value. 

13. A process as daimed in daim 12, 95 
wherein die carbamoylating agent is an 
alkali metal cyanate or ammonium cryanate. 

14. A process as claimed in chmn 13, 
\dierein the alkali metal qranate is potassium 

or sodium cyanate. loO 

15. A process as dahned in daim 12^ con- 
ducted substantially as described in any one 
of Examples 1 to 3 heiem. 

ABEL & IMRA7, 
Chartered Patent Agents, 
Nordiumbeiland Houses 
303— 3(^ High Holbom, 
London W.Cl. 
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